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Abstract

Natural zeolites are aluminosilicate materials with tetrahedral structure. Natural zeolites have several advantages for many
purposes such as adsorbent, catalyst support and ceramic membrane. This research explored the utilization of natural zeolite for
the ceramic/polymer composite membrane. The results of the research show that membrane has the density of 1.64 gricm® and
porosity of 37.39% at the concentration of PVA of 7%. The performance test shows that composite membrane can be used for
methylene blue separation and can be categorized as ultrafiltration. The coefficient of rejection that can be achieved is 93.53%.
The membrane still has still a weakness. The flux of the membrane is very low.
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1. Introduction

Natural zeolites are abundance resource in the world. There are thousands of kinds of natural zeolites. Every
mining has specific characteristics. Commonly, natural zeolites have special structures that are framework silicates
consisting of interlocking tetrahedrons of Si0O; and Al,O, [1]. Because of these special structures, natural zeolites
have pores, namely macropores and micropores with dimensions of 3 to 10 Angstroms.
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Natural zeolites are widely used for many purposes. Natural zeolite can be used as an adsorbent for organic and
inorganic materials. As adsorbent, the natural zeolite can adsorb until 80% of heavy metal from wastewater [1][2].
Natural zeolite is also effective to adsorb organic materials of Rhodamine B from aqueous solution [3].

Natural zeolite can also be used as a catalyst support. The utilization process of natural zeolite as catalyst support
is by impregnating the catalyst to the pores of the natural zeolite. A series of KOH/zeolite catalyst was prepared by
impregnation of zeolite from Pacitan with potassium hydroxide in a various concentration as a catalyst for the trans-
esterification of palm oil [4]. Nickel supported natural zeolite was successfully synthesized as a bi-functional
catalyst for conversion of citronella oil crude to menthols.

Another utilization of the natural zeolite is for the production of the ceramic membrane. Hristov et al. [5]
produced the ceramic membrane from natural zeolite by semi-dry pressing. Ha et al. [6] also produced ceramic
membrane from diatomite for microfiltration. The main process production of the ceramic membrane is sintering
process at the high temperature of 900 — 1000°C. To improve the grade of the ceramic membrane from
microfiltration to become ultrafiltration or nanofiltration is usually done by coating process with the polymers.

This research aimed to produce and characterize the ceramic/polymer composite membrane from natural zeolite
and polyvinyl alcohol (PVA). The characteristic of the composite membrane such as bulk density and porosity were
determined. The performance test of ceramic/polymer was done for textile wastewater purification.

2. Materials and Methods
2.1. Materials

Natural zeolite was purchased from the local market at Purwokerto, Indonesia. TiO; was purchased from Merck.
PVA polymer was technical grade purchased from local market. Rice starch and methylene blue (from Mbangun-
Trisno wenter) were purchased from the local market at Purwokerto, Indonesia.
2.2. Ceramic Membrane Support Preparation

Natural zeolite was crushed to the size of < 45 pm. The natural zeolite was mixed with TiO; of 5% and rice
starch of 7%. The mixture was then placed at O-ring casting with the diameter of 3.2 ¢m and the thickness of 1 cm
and pressed at 5 tons for 30 minutes. The mixture was then sintered at the temperature of 900°C for 6 hours.
2.3. Composite Membrane Development

The composite membrane was developed by dip coating process. PVA polymer and citric acid (crosslinker) were
dissolved in the water and then homogenized and heated by ultrasound bath at 60°C for 30 minutes. Ceramic
membrane support was dip coated at the polymer solution for 24 hours. The hybrid membrane was drying at 60°C
for 6 hours then at 120°C for 2 hours.
3. Results and Discussion
3.1. Characterization of Composite Membranes

Fig. 1 shows the bulk density of the composite membranes. The bulk density of the membranes will increase

with the PVA concentration. Without PVA coating, the bulk density of the ceramic membrane only 1.45 gr/em’, and
with PVA coating the bulk density will increase until 1.64 gr/cm’ at the concentration of PVA is 7%.




A Ma ruf et al. / Materials Today: Proceedings 19 (2019) 1547-1551 1549

Fig. 2 shows the porosity of the composite membranes. The porosity of the membranes will decrease with the
PVA concentration. Without PVA coating, the porosity of the ceramic membranes reach 53.27%, and with PVA
coating, the porosity will decrease until 37.39% at the concentration of PVA is 7%. It can be explained, that the
polymer will fill the pores of the ceramic membrane. It causes increasing bulk density and decreasing porosity.
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Fig. 1. Bulk density of composite membranes at various PVA concentrations
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Fig. 2. The Porosity of composite membranes at various PV A concentrations

Fig. 3 shows the morphology of the membranes. It can be seen that before the coating process, the ceramic
membrane is very porous (porosity of 53.27%). The average diameter of the pores is | pm. After the coating
process, the pores are covered and filled with the polymer. The grade of membranes will increase form
microfiltration to ultrafiltration.
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Fig. 3. The morphology of the composite membranes: (a) before coating; (b) after coating;
(¢) composite membrane

3.2. Application of Composite Membrane for Textile Wastewater

The performance test of the composite membrane was done for textile wastewater purification. The synthetic
textile wastewater is done by dilute of 1 gram of methylene blue in 1 liter of demineralized water. Without coating
with PVA polymer, the ceramic membrane can’t separate the color (Rejection of 0%). After the coating process, the
composite membranes can separate the color. Table 1 shows the rejection of the membranes. The higher rejection is
reached at the PV A concentration of 7%.

The composite membranes still have a weakness. At the ultrafiltration process with the pressure of 5 bar, the flux
of permeate is very low. The flux of the membrane ranges from 0.033 — 0.0059 ml/minute.cm’ (Fig. 4) at the 7%
PVA concentration. As a comparison, Majewska-Nowak and Kawiecka-Skowron [7] utilized the commercial
ceramic membranes from Tami industries for anionic dye separation with various cut-off values (15 and 150 kDa).
The ultrafiltration (UF) processes were done at a trans-membrane pressure of 0.2 MPa with the use of the cross-flow
system. The rejection coefficient of direct green, helion blue and direct black increased from 78%, 80%, and 94% (at
a linear velocity of 1.5 m/s) to 86%, 94%, and 98% (at linear velocity of 6.9 m/s), respectively.

Table 1. Rejection of textile wastewater during ultrafiltration process

No PVA Concentration (%) Rejection
1 0 0

2 3 9.12

3 5 67.68

4 7 93.53
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Fig.4 The flux of composite membranes at various PVA concentrations

4, Conclusion

The natural zeolites can be used for ceramic/polymer composite membranes. The membrane has the density of
1.64 gr/em’ and porosity of 37.39% at the concentration of PVA of 7%. The performance test shows that the
composite membrane is categorized as ultrafiltration. The coefficient rejection that can be achieved is 93.53%.

Acknowledgements

The authors acknowledge to Mimistry of Research Technology and Higher Education of Indonesia for funding
this research.

References

[1] G. B. Gholikandi, M. M. Baneshi, E. Dehghanifard, S. Salehi, Iran. Inst. Toxicol. 3(3) (2010) 302-310.

[2] D.S. M. Kanawade, Int. J. Eng. Stud. Tech. Approach 1(1)(2002) 30-38.

[3] P.D.Ola, A. G. Djami, H. E. Wogo, 1. Appl. Chem. Sci. 2 (2)(2013) 252-258.

[4] R. 1. Kusuma, J. P. Hadinoto, A. Ayucitra, F. E. Soetaredjo, 8. Ismadji, Appl. Clay Sci.74 (2013) 121-126.

[5] P. Hristowv, A. Yoleva, S. Djambazov, . Chukovska, D. Dimitrov. J. Univ. Chemcial Technol. Metall. 47(4) (2012) 476—480.
[6] 1. Ha, E. Oh, 1. Song, Ceram. Int. 39( 7) (2013) T641-7648.

[7]1 K. Majewska-Nowak, J. Kawiecka-Skowron, Desalin. Water Treat. 34( 1-3) (2011) 367-373.




Composite membran ultrafiltration - ICCSE

ORIGINALITY REPORT

17. 6. 154 3.

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Katarzyna Majewska-Nowak, Joanna
Kawiecka-Skowron. "Ceramic membrane
behaviour in anionic dye removal by
ultrafiltration”, Desalination and Water
Treatment, 2011

Publication

Sy

A Ma'ruf, M A S Al Fathoni, A M Purnawanto, |
Astiyani. "Ultrafiltration of Laundry Wastewater
Using Natural Zeolite-PVA Hybrid Membrane”,
|OP Conference Series: Materials Science
and Engineering, 2020

Publication

3%

e

repository.wima.ac.id

Internet Source

2%

Taslim, Iriany, O Bani, S Z D M Parinduri, P R
W Ningsih. " Biodiesel production from rice
bran oil by transesterification using
heterogeneous catalyst natural zeolite
modified with K CO ", IOP Conference Series:
Materials Science and Engineering, 2018

Publication

2%

Ghizlane Derouich, Saad Alami Younssi,



Jamal Bennazha, Jason A. Cody, Mohamed
Ouammou, Mama El Rhazi. "Development of
low-cost polypyrrole/sintered pozzolan
ultrafiltration membrane and its highly efficient
performance for congo red dye removal”,
Journal of Environmental Chemical
Engineering, 2020

Publication

2

Saharman Gea, Agus Haryono, Andriayani
Andriayani, Junifa Layla Sihombing et al. "The
Stabilization of Liquid Smoke through
Hydrodeoxygenation Over Nickel Catalyst
Loaded on Sarulla Natural Zeolite", Applied
Sciences, 2020

Publication

1o

Jung-Hye EOM, Young-Wook KIM, Sung-Ho
YUN, In-Hyuck SONG. "Low-cost clay-based
membranes for oily wastewater treatment”,
Journal of the Ceramic Society of Japan, 2014

Publication

1o

strathprints.strath.ac.uk

Internet Source

1o

link.springer.com

Internet Source

1o

Submitted to Universitas Diponegoro
Student Paper

1o

www.tandfonline.com

Internet Source

1o




Exclude quotes On Exclude matches <1%

Exclude bibliography ~ On



Composite membran ultrafiltration - ICCSE

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5




	Composite membran ultrafiltration - ICCSE
	by Anwar Ma'ruf

	Composite membran ultrafiltration - ICCSE
	ORIGINALITY REPORT
	PRIMARY SOURCES

	Composite membran ultrafiltration - ICCSE
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




